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Exgcutive $ummary i
The Three Citles Lead Study invesugated the effect of abatement of lead in
,_ soil upon blood lead Ievels in chﬂdren living in Boston (EPA, 19933; Wertzman

et al.,:_1993, Aschengrau et al., 1994), eammore (EPA 1993b) and Clncrnnatu |

es Ievels betr)veen 7 and' 24 jrgIdL were en d
B - : three treatment groups. These groups recerved the followrng interve _uons
_"Phase | of the study mtenor loose paint removal (Group B), intenor loose pamt
~ remaoval and mtenor dust abatement (Group A), mterior loose parnt removal mtenor
_dust abatement, and soil lead abatement {Group S]. Durmg Phase Ii, the soll of
Groups A and B was abated and about one-half of the properties in all three groups
xperlenced interior paint deleading Since there was no appropriate control group '
~ for the soil remediation performed during Phase ll, and smce during Phase | Groups
B snd S differed’ with respect to both soil and dust abatement, statistically valrd
conciusions regardlng the effect of sail lead abatement must be based on
: comparisons between Groups A and S during Phase L.
EPA's reanalysis of the data from the Boston Studv (EPA 1996) represents
a very substantial effort on the part of the Agency In terms of the statistical
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23 potentual confoundung factors constdered by Wehzmarr et al (1993), EPA
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analyses conducted. Unfortunately, this effort is beset by 8 number of problems,
including poor selection of statistical methods, failure to adequately examine the
roie of potentnal confounding variables, highly selective interpretation of results,
and listing as conclusions statements that are not supported by the analyses.
These problems are so senous that we think that it would be dangerous to draw
any conclusions from the EPA analysis regarding the effect of soil abatement upon
blood lead levels.

On the one hand, EPA presents results of an enormous amount of work
based on structural equation modelling, which EPA described as "an exploratory
moGe-ouilging-actvisty™ which “does not readily lend itself to hypothesis testing.”
Itis highly questmnable as 10 whether ‘the structural equation modelling effort T

: successfully fulf' Iled even thls imited purpose, as the models appeared to be

1 nstable nd many of them apparentiy‘:' ailed to converge. As a result, IhlS’_‘ v

nfoundmg'factors in the Boston data.r Of

consudered only three (race, age and gender) in any of theur analyses. v Moreover, o
these three factors were lnvestigated mainly individually rather than jointly, and
then onlyina rudlmentarv way by analyzmg subsets of the data defined by these

factors. - . . m

- A number of EPA's analyses do not take into account important features in
the expenrnental desngn. For example, EPA’s analysus of Phase Il data takes no
account of the fact that about one-half of the premrses had their mterior pamt
deleaded. Another example Is an analysis by EPA that showed a sigmﬂcant g
correlation between post—abatement soil lead and pom—abatement house dust lead.
However, this analysrs did not contral for treatment, and consequently this
correlation Is likely due to confounding with treatment.
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The most troubling feature of the EPA (1996) analysis of the Boston Study
is that a number of EPA’s conclusions are either not supported by their analyses,
or are apt to mislead a reader regarding the effect of soil lead. Examples of such

conclusions are as follows:

»Blood lead levels were reduced by approximately 1.86 ug/dL at 10 mo after soil

abatement.”

Actually this value was the difference in reductions in blood lead between
Groups S and B, which, as noted above, cannot be attributed to soil

abatement.

. "The reductions of lead in both soli and house dust persisted for at least two

not occur ln twa of the three groups in,

“Soxl was clearly a part of the exposure pathway to}:rher Etuld.?cb}i_tfrib'gﬁng o
significantly to house dust lead" B ' ] L

The analysls that EPA apparently based this concluslon upon regressed post— \
abatement house dust levels upon post-abatement sorl levels, wrthout

,_'controllsng for treatment effect. Consequently, the posltlve correlatron )

i between soil lead and dust lead ls lrkely to have been a result of confoundlng

o wrth treatment eﬂect. . Analyses by, EPA that controlled for treatrnent dld not

' obtam thls result., Actually. analyses of pre—abatement soll and dust levels
are more appropriate for evaluating this question. However, EPA‘s analyses“ o
of pre-abatement levels tended to show negative correlations between soil
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i"featured most prommently by EPA from lts extenswe strucforal equauon modellmg k'
) effort was an estlmate of the effect of soil abatement on blood lead fevels. Thls

o dld not even mclude an effect of sozl abatement on blood lead. We can think of no
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and dust fead levels, and EPA ignored these negative correlations in its

discussion and conclusions.

*Additional reductions ln blood lead of about 2.0 ug/dL (relative to non-abated)

were observed at 22 mo post-abatement for children in houses where the soil lead

was abated and the interlor’ house dust lead was consequently reduced and

remained low."”

It is not clear what the phrase “relative to non-abated" refers to, since by 22
months the soil of all the properties in the study had been abated. Itis also
not clear what EPA means by “additional reductions™, since the median
blood lead level of chddren in Group S (the only group observed for 22

M abatementl dnd not change between 7 and 22 rnonths :

estimate was derlved by EPA by modufymg one of its 32 structural equatlon models

by ﬁxing one parameter at the v&ue esttmated in another model — a model that

" reason .vhv EPA would emphas:ze the result of this pamcular analysis, other than
: the fact that It produced results that were mare similar to the estimate obtalned by

Weltzman et al. (1 993l than any of the others EPA obtalned from its structural
equatlon rnodels. '

Reading of the EPA report is complicated by numerous editing problems,
including missing or poorly documented tables, tables with unexplained missing
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entries, tables whose entries do not conform to the models described in the text,
incorrect description of models, and omission of important modelling details.
These problems are detailed subsequently In this evaluation.

In view of the many, serious problems with the EPA analyses, we think it
would be inappropriate to draw any conclusions from them regarding the effect ot
soil abatement upon blood iead levels beyond the findings reported from Phase |
data by the original investigators (Weitzman et al. 1993). Since, curiously, the
Weitzman et al. {1993) report was not cited at all in the EPA (1996} reanalysis, its
conclusion is repeated here: '

"These resu!w demonstrate that lead-contammated 'soil contribuies 1o the

lead burden of urban sol\ and that the abatement of lead-contammated sorl

'We condueted an lndependent non—parametric }analvsis of the effect of soll
abatement upon blood |ead that drﬁered from the analysis performed‘bv Weitzman ,,

et al. (1993} in two respects. F‘rst, ‘this non-parametric analysls did not requsre the'fi_f : B
assumption that blood Iead levels were normally drstributed Second the analysrs |
“took into account the fact that géemxses rather than children were randomly _

assigned to study groups. When controlling jointly for pre-abatement blood lead,

age, gender, racelethmcrtv and socroeconomic status, thrs anaiysrs esﬂmated that '
‘abatement of soﬂ containlng an average of 2300 ppm lead resulted ln a statxsttcallyv'f i
significant average reduct!on in blood lead of 1.37 ugldL compared 0 the value of

1.28 pgldL: obtalned bv Weitzman et al. (1993). ‘However, care must be taken '

when extrapolating this estimate to other situatrons and localities, as there are a

number ef reasons why this approach would tend to overestimate the effect of soil
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abatement in general. First, the median soil lead level in Boston was in excess of
2000 ppm, which appears to be higher than in mast urban settings. Abatement in
urban areas with lower soil lead levels would likely result in smaller reductions in
blood lead levels than were observed in the Boston Study. This is borne out by the
Cincinnati and Baltimore. studies, where soil lead levels were fower and no benefit
of soil abatement in reducing blood lead levels was identified. Second, only
children whose blood lead levels were between 7 and 24 ug/dL were included in
the Boston Study, and it appears that the vast majority of excluded children had
blood lead levels below 7 ug/dL. The reduction in blood lead resulting from soil
abatement would likely be lower in such children. Third, both the Weitzman et al.
analysis BNGTTOMCUNSISISICY, OUr andiysis-uimiies-two-children from Groupn. S as
] outhers. Wertzman et al indtcated that the increases in blood lead in these two

re i kely due to exposure to leaded paint at another snte. However,

_xpenenced pa(nt stabi mon and dust abatement. : Consequently, the Boston
03 tudy does not address"the efﬁcacy of solt abatement b\fltself, but only in the -

; ':fpresence of these other lnterventtons.

: Background - _
o Durmg the past 25 years, Wdence has mounted that developmental effects e
L "can occur in chlldren from envlronmental exposures 10 lead. Potential sources of

; Act (SARA) to conduct soﬂ abatement projects in up to three U.S. cities. ln e
response, EPA undertook the 'Three Cities LeadStudy, the purpose of whlch was

i
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to determine whether abatement of lead in sail could reduce lead in the blood of
inner city children. ‘
The Three Cities Lead Study was composed of individual studies of inner

city children in Boston (EPA, 1893a; Weitzman, 1893; Aschengrau et al., 1994),

Baltimore (EPA, 1993b), and Cincinnati (EPA, 1993c). Although the protocols of

the three studies differed, all involved identification of a study population of

children likely to be exposed to neighborhood soil containing high levels of lead,

placement of children into groups that were subject to different types of soil

abatement, measurement of pre- and post'abatement levels of lead in soil,

household dust, and children’s blood, and determination of children’s activity

patterns, eating habits, family activities and socioeconomic status.
‘ .. Basedon Phase 1 of the Boston Study, Weitzman et al. 1 993) concluded
3 '}__;that abatement fﬁl' !

s resutm ina modest

conducted an mtegrated assessment of data from alt three ‘:tudie SRR o
: ICF Kaiser was asked by the law firm of Seeger, Potter; R(chardson, Luxton,
Jose ow & Breoks to rewew the prewous work on the Three Cities Lead Study and
to lndependently assess the evigqgince from this study for an effect of soil ,
abatement on chddren s biood lead levels. This report. Wthh is in response to that

; fequest, focuses on the Boston Study. :

: : : A

'Descﬂpﬂon of the Boston Study . , S R
- - The study pepulauon was drawn from an area In Boston where the surfaee |
soli lead level averaged more than 3000 ppm (parts per million). To be lnciuded in '
the study a child's blood lead had to be between 7 ugldL (micrograms per deciliter)
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.and 24 wg/dL, and their homes and families had to satisfy certain criteria, including
criteria related to age {not more than 4 years of age), presence of chipping or
peeling paint, accessibility to a yard composed of dirt or grass, and average surface
soll lead level {= 1500 ppm) (Weitzman et al., 1993). Children selected as
participants were randomly assigned by premise to one of three study groups (EPA,
1993a). This random assiénment resulted in 54 children in Study Group S, 51 in
Comparisan Group A, and 47 in Comparison Group B. The following lead
abatements were performed in the three groups at the beginning of Phase | of the
study:

Group B (called "BOS P-S™ by EPA, 1996) — Interior paint stabilization
_ Group A (called "BOS PI-S" by EPA, 1996) — Interior paint stabilization and
ST ' interior dust abatement

roup S (called "BOS SPI" by EPA, 1996) — _ Interior paint stabilization,

lntenor dust abatement and soll

 Dur g P Phase soil lead household dust lead “nd blood lead samples were
;_collected from partnelpants before abatement began (Round 1). Blood and '
e household dust were also sampled at approxlmately 6 months post-abatement
(Round 2) and 11 months post-abatement (Round 3). Soll lead was also sarnpled
in Round 3.
B At the beginning of Phasegg (Aschengrau ef al., 1994), soil was abated at
v the premises of children in Groups A and B who remained in the study. In_

s addltion, lead palnt abatement was offered to all remaining participants, and this
L offer was accepted by 38% of the partucipanw. These abatements occurred
: approxlmatelv one year after the original abatement activities during Phase I. R
" Blood lead samples were then collected approx:mately 10 months following these : o
" abatements (Round 4). )

jis
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Caommants on issues common to ditferent analyses of the Boston Study

Before discussing the three analyses of the Boston data (Weitzman et al,
1993; Aschengrau et al., 1994; EPA, 1996} in detail, we first discuss some
aspects that are common to two or more of these analyses.
anwn As described above, Groups S and A in the Boston
Study experienced paint stabilization and dust abatement, with Group s
experiencing soil abatement In addition. Since the treatments applied to Groups §
and A differ only with respect to soil abstement, differences in blood lead between
Groups S and A can properly be attributed to soil abatement (assuming other
confoundmg factors are not present). However, whereas Group S had hoth dust e o
_and soil abatement, Group B experienced neither of these interventions. Thus, in

SRt :Fthesetwo group oll abat ‘rnent is com'letely confounded with dust abatement. o

'S and B cannot be attnbuted o

mterlor dust abatement ﬁgg'meL__"was assoclated wrtl\ a’decline of ase 1 2 to 1 6
: ;lgldL (Wthh summarlzed values obtained m compansons of Groups S and B)"
[ernphasrs added]

However, Aschengrau et al. (1 994) dld use comparisons between Groups S
and B 1o reach conclusions ab%t the efﬂcacv af soil abatement alone. In
'pamcular, they concluded that cornbmed results from both phases suggest that a
soil lead reductlcn of 2060 ppm is assoclated w1th a 2.25 to 2.70 ugIdL decllne in

' 'blood lead levels The speciﬂc method used by Aschengrau et al. to arnve at thls
range is falrly lnvolved, and will be revlewed in more detarl ln a followmg section. :
However, the range is based partially upon comparlson of blood Ievels in Group s
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with those in Group B during Phase I. Consequently, it is not appropriate 10
ascribe this decline in blood lead to soil abatement alone.

' Although the tables in EPA (1996) generally contain both comparisons
between Groups S and A and between Groups S and B, EPA emphasizes
comparisons between Groups S and B, and generally attributes the difference in
bload lead between these wo groups entirely to soil abatement. This
interpretation is evident in the following quotes from EPA (1996):

“Blood levels were reduced by approximately 1.86 ug/dL [the value EPA
obtained in a comparison of Groups S and B] st 10 months after soil lead
abatement.” (EPA, 1996, page 1-19 and 6-4)

" "The Boston study shows very clear evidence of en effect of soil lead
' "’abaternent in reducmg blood_ lead m chlldren currently resrdmg in le

_'EPA refers to Group B as the control group for Group S and refers to drfferences

"between Groups S and B as the “etfect size of soﬂ abatement" (EPA, 1996 page '
5-82). EPA stated that interior dust abatement was carried out *to enhance the
impact of sail abatement.

At one pomt EPA does appear to acknowledge that differences between
Croups SendB could be due to dust abatement rather than soil abatement. v

“Blood lead reductron of about 1.9 ygIdL assoclated with soll and un_ﬁgz

dust ab_at_e.m_em occurred during Phase | of the Boston study” [emphasis
added] (EPA, 1996, page 5-150) )

KAKENNYWSREANLDAERGRTT WRF 10
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since effects of soil and dust abatement are confounded in comparisons of
Groups S and 8B, effects attributed to soil abatement alone must be derived from
comparisons of Groups S and A. However, care must be taken even in these
comparisons. Since both groups experienced interior dust abatement and interior
paint stabilization, differences between Groups S and A represent (assuming other
confounding factors are not responsible) differences in biood lead from soil
abatement in the presence of paint stabilization and dust-abatement. The same
effect of soil abatement upon blood lead levels might not have occurred without

simultaneous interior dust abatement and loose paint stabilization.

limination of In both Phase | and Phase Il ‘of the Boston Study, blood
B Iead measureme ls m certaln children were defined to be outllers and those

measurements ror all analyses. ‘ Weltzman et al. uienuf'ed as

also 'ehmmated fro .
o ehmlnated from thelr analyses a Groupv'B chlld whose Round 4 blood lead level was

23 ygIdL No other reason for thrs exclusuon was provided and apparently EPA did

' not exclude thls child in lts analyses. Each of these three excluslons caused the
estimate of the effect of so‘l re‘;gedlatron to increase. .

For a statistlcal test w0 remam valid after elcmmatron of outllers. the dec:snon

- as to whlch outcomes to ellmmate must not depend upon whlch treatment groups

- the outcornes are from. Consequently, although it not absolutely necessary 10 set
up the declslon rule before examlnmg the data, such decisions should be made
without knowledge of the group asslgnments. \f an a priori declsion rule is
selected, that declsion rule should not be defined in terms .of the group
assignments. For example, it would not have been valid for Weitzman et al. 10

KAKENNYAURSANLOREPORTT WP 11
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have decided to eliminate children from a group whose blood lead levels were more
than three standard deviations from the mean for that group. With this decision

- rule, whether an outcome was eliminated could depend upon the treatment

assignments, which would violate the basic assumption that all outcomes are
equally likely under the nufl’ hypothesis.

Although the decision by Weitzman et al. to eliminate the two outllers
apparently was not made without knowledge of the group assignments, the
important thing is whether or not the same decision would have been made if the
outcomes in question had been in a different 'group Although there is no way to
know for sure, their definition of an outlier is a reasonable one. The situation with’
regard to ‘the child efiminated by Aschengrau et al. is not sa clear, since the

| }?;_,ito the restr‘ ctedlsar‘lp!e. _-Aléo, rt can_ 0t be assumed that-it apphes to children
~“who do not experience Iead polsonmg smce, for example, it |s posmble that some

of the decteases in b|ood lead seen in the sonl abatement group were caused by'an

: earlser potsonmg episode, rather than being due to intervent:on.

Description and critique of the Weitzman et al. (1993) analysis of Phase | data . s
from the Boston Study : L , :

Weltzman et al. (1 993) is the ongmal investigators’ published report of the

10 In the EPA (1998) review and reanalys:s.

Weitzman et al. (1993) applied a standard analysis of covariance regressxon
model to the Phase | data, using the untransformed post-abatement biood lead

KAKENNYWABANUOREPORT? WPF 12
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levels as the dependent variable. in their base model, pre-abatement blood lead
was used as an explanatory variable, along with indicator variables that specified
abatement group. In other analyses, the base model was augmented by adding
variables individually that controlled for a number of potential confounding
variables, including age, sex, race/ethnicity, socloeconomic status, and 19
variables related to & child’s behavior and home environment.

Based on their base model, Weitzman et al. found that post-abatement blood
lead was significantly fower in Group S than in either Group A (p = 0.02) or Group
B (p = 0.01). This result became nan-significant when control for race/ethnicity or
lead pamt was added to the base model, but remained significant, or nearly so '
‘lp < 0.06), when the remaining variabies were aadusd individualiy.- - —.

_ ey Although the regresslon model used by Weitzman et al. is a reasonable one,
| ~rt does have two)potentlal hmlt‘atrons._‘

Flrst of all lt_ assumed that post-abatement

v___‘zjthese two dravmscks = :
e Slnce the Wertzman et al. (1983) report was not crted in the E.PA (1996)
reanalysls, its concluslon |s repeated here: i v

"These results demonstrate that lead-contamlnated soif contributes to the
lead burden of urban soﬂ%d that the abatement of lead-contaminated soil
around homes results in a modest declme in blood lead levels. The
magnltude of reducuon in blood lead levels observed, however, squeSts
that lead-contammated soil abatement is not likely to be a useful clinical
intervention for the majority aof urban children in the United States with fow-
level lead exposure. (Weitzman et al., 1993) |

KAKENNYASREANLO\REPORTT WEF 13
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Description and critique of the Aschengrau et al. {1994) analysis of Phase Il data
‘from the Boston Study ‘
Aschengrau et al. (1994) report on resuits of the Phase ll follow-up of the
Boston cohort. In this phase, soil was abated from premises in Groups A and B.
Although lead paint was al)ated in some homes in all three groups at the beginning
of Phase ll, children living in these homes were not included in the analysis by
Aschengrau et a/. Blood lead was sampled in all three groups prior to Phase li
intervention {(Round 3, at end of Phase ) and at Round 4, about one year fallowing
the Phase {l intervention. '
Aschengrau et al. concluded that the magnitude of the blood lead decline
T T telated €6 soiabatement was greater ia rhassi-thairin Phass dandtheccombined ..
results from both phases suggested that a SOll tead reduction of 2060 ppm was
, assoclated Wlth a 2 25 2 70 ygIdL declme in blood lead levels. These declrnes

children who had parrd; aba ment m Phase II These welghted averages were
" reduced by the mean blood lead declme (O 64 pgldL) in'Grou":s A and B durmg :
Phase { (consldenng only the 31 children in Groups A and B who did not have thelr

paint deleaded during Phase 1, whlch resulted in the final estimated declines
related to soil lead abatement of 2.25 and 2. 70 H#gldL.

These estumated declrnes‘an be represented as weighted averages of
declmes estlmated for Group S in Phase | and Groups A and B in Phase iI. For
example, consider the fi f‘gure of 2 70 wg/dL, based only upon children frcm Group S
whose household paint was not ebated during Phase . Aschengrau et al.

calculated a mean decrease ln blood lead in Group S dunng Phase [ of 3. 03 ugIdL, A |
which when |educed by the average decline of 0.64 pg/dl in Groups A and B
during Phase | (based on only the 31 children in Groups A and B who did not have

KAKENNYUABANLDVAEPORTY WPF 14
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their paint deleaded during Phase i), results in an estimated decline in Group S of
3.03 - 0.64 = 2.37 ug/dL. Similarly, Aschengrau et al. calculated a mean
decrease in blood lead during Phase Il in Groups A and B of 3.63 ugldL, which,
when reduced by the same average decline of 0.64 ug/dL in Groups A and B
during Phase |, results in an estimated decline in Group A and B during Phase I of

3.63 — 0.64 = 2.99 ug/dL. The overall value of 2.70 ug/dL represents the
following weighted average: '

2.37 x 29 +2.99 x 31 _ 5 70 yg/dl.

29 + 31

estrmate of the effect of sod abatement upon blood lead from the Phase 1 Study '

' than the value of 2 37 ngdL assumed by Aschengrau et al.

| N The decl‘ne in blood lead of 3.63 pg/dL obtained by Aschengrau et al. for
Phase i was based upon 8 combmed group of children from Groups A and B for

. whtch there was no adequate control group. Although Aschengrau etal i ,

v 'attempted to use the exper!ence of Groups A and B during Phase | as controls, thls 7

."_approach was not satnsfactory (Aschengrau et al. refer to it as "less than ideal"). _ _
slnce there were a number of factors that this approach may not have adequately' .
control!ed for. All of the families received counseling about fead, |ncludlng
educational materials on the effects of lead and methods for reducing children’s

KAKBINYIRBANLOWEPORT? WRF 15
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lead exposure, and knowledge of the soil lead levels on their premises and blood
lead levels of their children. As part of a community relations strategy, a
Community Advisory Committee met regularly, and study staff remained in close
contact with participating families. The blood lead reductions observed in both
Phase | and Phase |l may have been partially due 10 this educational program and
this effect could have been different in the two Phases. As EPA (1996, page
1-30) noted, "All of these studies may have initiated behavioral changes from the
moment of recruitment simply by informing parents and caretakers of potential lead
hazards.” '
e = Thls does not present such a problem in interpreting Phase | results,

N assummg that both the treatment group (Group S) and control group (Group A)

~were equally lmpacted by this program. However, it presents a much more senous

problem m Phase ll where there ls no adequate control group Blood Iead l vels_

palnt deleading at the' begmrung of Phase ll What was really needed' but Wi
unavailable, was a group of children who, except for sou abatement, had been ;

treated exactly the same as the chddren whose soil was abated during Phase ll. T
Since there was no such controi group avgilable for the Phase n soil abatement, no e
statistically valid conclusions carﬁ»e drawn regarding the effect of soil lead

abatement upon blood lead from Phase I of the Boston Study I :_ :

Descnpﬂon and Crltsque of the EPA (1996) Integrated Report

EPA performed an *integrated assessment” of the longrtudina\ stud:es that
compri‘se the Three Cities Lead Study. This asséssment involved creating a
common data base of data from the three studies and conducting additional
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analyses of data from the individua! studies. No analyses were conducted that
" combined data from different cities (meta analyses). As described earlier, the
present review concentrates upan the EPA reanalysis of data from the Boston
Study. ‘
EPA’s intentions In this study were both worthy and ambitious. It is obvious
that a great deal of effort went inta EPA’s ansalyses and into the preparations of
the common data base and the report. Even though this critique focused only on
EPA’'s Work with the Boston Study, it proved to be quite an undertaking to review
the large body of analyses of the Boston date presented by EPA — an undertaking
which is probably still best described as incomplete. Therefore, EPA is to be
commended ‘for goad intentions and good-faith effort. However, it is clear from —
; readtng the report that the avallable time and resources were not adequate to carry
ut EPA's ambrtlous undertakmg L , e P
On*the one hand EPA presents an 'eoorrnooe:erﬁo nt of work wrthstruct jral

converge. As a result th:s exercrse proved to be more mformatwe regardmg

structural equation modelling than it did regardlng the effect of soil abatement on
 children‘s blood lead levels.
" On the other hand, EPA’s“’r?Sctenswe modelling lnc!uded only a very limited
‘ mvesttgation into the potennal role of confoundmg factors in the Boston data. Oof
23 potentual oonfoundmg factors considered by Weltzman et al. (1993), EPA
consudered only three (race, age and gender) in all of their analvses. Moreover,
* these three factors were investigated only in a rudimentary way by anatyzmg
subsets of the data defined by these factors. Mareover, in almost all cases these
factors were investigated one at a time and not as a group. Socio-economie status

KNCENNYVURBAN D\REPORTZ.WPF 17

i



Dec-17-01 10:15am From-KING & SPALDING 202-626-3737

reducuon lnﬂa group that received sorl and'dust abatemenr_alon thh pair
.Astabullzatuon, over that m a group that recelved'palnt stabrllzatron onlv, :l'hus, an »
. unknown fractron of thus reductlon mav be due to dust abatement rather than sonl

-

T-035 P.18/39 F-034

— potentially an important confounding factor — was not even included in EPA’s
date base.

EPA’s analyses of Pl\ase Il of the Boston Study 100k no accaunt of the fact
that almost half of the residences received lead paint abatement at the beginning
of Phase il. In fact, there rs no mention of this paint abatement activity in EPA’s
report. This omission, coupled with the fact that there was no adequate control
group for Phase Ul soil abatement, indicates that it would be unwise to draw any
conclusions from EPA‘s analyses of Phase |l data regarding the effect of soil
abatement upon blood lead levels. '

Several of EPA’s key conclusions are not linked by EPA to any particular

analysis, 'andmd_o not appear 1o be supported by EPA's analyses. Tnese
‘ unsupported conclusnons include EPA’s determmatlon that lead ln soll conmbuted
_v_;_slgnlf‘cantlyrto house dust lead. addn

tlonal reducnons ln blood lead relauve to non-

abatement,

The EPA repeated measures ANOVA applled to Phase [ data appears to be a
reliable analysls {EPA, ,_1996, pagea%-SO), although EPA’s descrlption of this model
does not conform to the SAS program that lmplernented the model Thls analysrs
conﬁrmed the analysrs by Weltzman etal (1 993) that showed a modest. but |

'statrsucally slgnlﬁcant declme in blood lead levels ina group after soxl and dust
abatement and paint stabxllzauon, compared to a group that experlenced dust

abatement and paint stabilization. However, EPA considered only ina cursory
fashion the extent to which confounding could have played a role in this finding.
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Wwﬁﬂlwﬂm . In EPA’s analysis of Phase Ui
of the Boston Study, Group S was used as the control group As EPA (1996, page
§-82) states, »Group [S] received no further abatement and was an appropriate
reference group for the Phase it comparison.™ To the contrary, about one-half of
the Group S homes experienced paint deleading during Phase Il (Aschengrau et al.,
1994). In fact, the homes of a significant percentage of children in ail three
groups recelved paint deleading at this time. According to Aschengrau et al., lead
paint removal was offered to all pamcapam;s, but fewer than one-half accepted the
offer. Apparenﬂy. all children werle mcluded in EPA’s analysis of Phase Il data,

e
P

- apithout. pav ¢ control for paint deleading. Although (as described elsewhere in ttus
report) there are @ number of other problems with the analysis by Mrhnngrau ‘
. et al. (1 994), at \east they were careful to omit from their analysis children whose
- ”'Zhomes_ had ex" 'ncedr palnt deleadmg However, the EPA (1 996) report did not B

nt deleadmg As oted In. the dtscusswn of the o

v 'cognlze the importanc

o thelr analys:s, “fl"hus, it would be mappropnate 1w draw any conclusions f

~“analysis of Phase ll data regardmg the effect of soxl abatement. SRR o 1

clearly @ part of the exposure pathway 10 the chiid, contributing significantly to
m;g_dyﬂ,Lad_Z' itis not cl:;*r whether the term =significantly” refers to
statstical significance oF mdncates that a substantial fraction of house dust Iead

: comes from so:l Although this oonclus‘on appears twice m the document, thefe is
no dlscussu:n of this conc!usnon anywhere in the document. and there is no
reference to an analysis that could serve as the basxs for this claim. EPA
conducted two types of analyses that could possibly support this claim. The most
direct approach analyzes baseline data 10 de_termme whether house dust lead is
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associated with soil tead. Analyses of this Type are found in EPA's pre-abatement
cross-sectional structural equation models (EPA Table 5-1) and in EPA's
longitudinal structural equation models (EPA Tables 5-30 and 5-32). The most
straightforward and perhaps most definitive such analysis — &n ordinary regression
analysis using soil lead as the dependent variable and house dust as the
independent variable — was not performed. In addition, EPA’s Table 4.2 presents
summary information on'median soli and dust levels in various rounds-that can be
used to compare changes in house dust levels in homes with and without soil
abatement. Each of these sources of information are reviewed below.

SRA'S Tohle B-1 contains results of su'uctural equatron models that mclude

imbedded regressions of Round 1 household dust lead levels on  soil (lead 0
' Aconcentratlons. Results from 12 models are presente

six that correlate soil

S lead con entratro wrth lead house dust concentratro

o apparent reference 10 these analyses, EPA (‘l 996 A'page _5-1 39} stated that' "ln the
pre—abatement model (Round 1) soil lead concentration had lrttle relat‘lonshrp o

.  blood lead or dust lead." This statement appears to contradlct the aforementioned
conclusion. -

EPA’s Tables 5-30 and &32 also contain results ‘of analyses that regress
Round 1 (pre-abatement} blood lead ‘on Round 1 soil lead and household lead
concentrations. In Table 5-30, all five of the models found a negative assoclatlon
_betwecn pre—abatement soil lead and household dust lead, three of which were
- what EPA terrned marginally srgniﬁcant. In the alternatwe models considered by
EPA t_hat used a =fixed blood lead persistence factor® (EPA, 1996, Table 5. 32). all * l
six models showed negative correlations between soll lead and dust lead, four of
which were, according 10 EPA's criterion, m_arginallv stgnlﬁcam.
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EPA (1996, page 5- 127) states, in an apparent reference to Models 17 and
30 in Table 5-32, that there are “signlficant (possibly different) relationships
between dust lead and soil lead, so that there is again evidence of the operation of
soil lead abatement by & sou lead to dust lead ... pathway in the Boston study.”™ It
is not clear what EPA means by “again evidence” since this is the only place we
have identified in the document where EPA attempts to tie this claim 10 an actual
data analysis. It is not completely clear to what analyses EPA is referring in this
* comment. EPA must be referring to the relatron between soil and dust in Round 3,
since, as noted above, all six models in Table 5-32 showed a negative correlation.
betwesh soli-iocd and duct lead in Round 1. In A Model 30, in which different
Round 3 sonl'toodust coefficients are estimated for each group, none of ‘these - -
s coefﬁcrents_are srgmf‘cant. However, the coefﬁment is posmve and statrsncauy
& sugn’fca for Model 17 — as well'as for Models 1, 2, and 10 — sl of which
1 "oil-to—dust coefﬁcaent applrcable to all group H

i mterventions, and consequently e fro
| 'l_interventrons would tend to produce both low sor! Iead values and low' dust i
concentra'aons in this group on the other hand both dust lead and sod lead
would remain higher in Group B because neither dust nor soil was abated in thrs
group. Consequently, these posi‘ tive coefficients could have nothing to do wrth a
soll-to-dust pathway, but couldaj)ave been produced artificially by interveantion. '
EPA's treatment of the sorl—to—dust pathway issue, as drscussed in the
- previous paragraph, provrdes an example of EPA’s highly se!ective treatment of
data in this report. In lnterpretmg its analyses, EPA ignored the negatrve soil-to-
’d‘ust coefﬂclentsy that it estimated from Round 1 data (where it would be '
appropriate to reach conclusions regarding the extent to which sorl lead lnﬂuences
dust lead), and concentrated instead on positive " coefficients obtained from
Round 3 data, In which the soil effect on dust is confounded with treatment.
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EPA’s Table 4-1 contains median values for floor dust lead concentration

(wglg), floor lead dust load (ug/m?), window dust lead concentration (g/g), and
window lead dust load {ug/m? for Round 1 and Round 3. Of these four measures
of house dust, only one (dust floor lead concentration) shows a greater reduction
from Round 1 to Round 3 in the soll abatement group (Group S) than in the control
group (Group A). Even in this case, the reduction between Round 1 and Round 3
is margrnal ~ only 11%. On the other hand, the dust reduction between Round 1
and Round 3 Is larger in Group A than in Group S for median fioor dust lead load
{by 14%]) and for median window dust lead load (by 18%). In addition, the

' medlan ‘windgw gust iead concentration In Grouo S increased by 7885 yglg (60%)
Vbetween Rounds 1 and 3, and decreased by 4017 pgalg (20%) in Group A. Slmrlar
results are obtamed nf Round 1 is compared 10 Round 2 Thus, there rs essenualiy

conclusion. -

oth soil an » ed jor oars,”: This claim appears to

be valld regardlng fead in sofl. “@n the surface, it is also true regarding lead in
house dust However, EPA appears to be |mplyrng that the reduction in dust lead
is due to soil abatement. whereas there ls no evidence 10 support this in thelr

" report. Group Sis the only group that was observed for 2 years followmg sonl
abatement. As EPA's Table 4-2 indicates, Group s post-abatement medlan fioor

. dust concentretrons remained reduced In each of Rounds 2, 3, and 4. However. -
almost the exactly same pattern was observed in both Graups A and B, neither of
which experienced soil abatement until Round 4. (Moreover, one must be very
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cautious when interpreting Round 4 data, since an appreciable number of the
residences experienced paint deleading between Rounds 3 and 4.) Consequently,
the reduction in lead in house dust cannot be attributed to soil abatement, and is
more likely to be due to Ielad paint intervention.

PA’ i 1-31 apd 6-19) that, in the Boston Studv, "[blaod_leadl

*: This
statement appears to indicate that, not only did blood lead reductions continue tor

2 years following abatement, the rate of reduction continued to increase over this
——. e period. Smce Group S was the only group in the Boston Study that was observed’
for 2 years following g soil abatement, this claiin must be based on this aroun. ___
, EPA’s Tab!e 4.2 tndlcates that median blood lead in Group S was 10 pgldl
in each of Round 2 v months post-abatament), Round 3 (11 months post- |

22 ’months post-abatement) Lack of any change m

: appear to"'change
appears to ‘he 10 basrs fo EPA’s claim to th
‘ Thus claim appears to be related t0 EPA' "key ﬂnding from the Boston :
"studv (EPA, 1996, pages 1-19 and 6-4) that "Addrtlonal reductrons in'blood Iead of '
about 2.0 pg/dL (relative 10 non-abated) were observed at 22 months post- '
abaterherit for children'in houses where the soil lead was abated and the interior

house dust lead was con“s.eque?iﬁy reduced and remained low." It is not clearto
what the phrase relatnve to non-abated" refers, smce by 22 months the soil of all -
the properties in the study had been abated. Further, EPA presents no analyms e.
blood lead 22 months post~abatement in children from houses where "dust lead_
was reduced and remamed low,™ and. as noted above, medlan blood lead in

Group S children did not change batween Rounds 2 and 4 (7 and 22 months post-
abatement). According to Aschengrau et al. (1994), only 14 children had their
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blood lead monitored for 22 months foilowing soil abatement, without additional
interventions. '

PA’ : M res-Analysis of Varia Apa EPA’s repeated
measures ansalyses s:multaneously modelled pre- and post—abatement blood levels
while accounting for the dependence between the pre- and post-abatement blood
lead levels in an individual child. Thus this method complements the analysis of
Welitzman et al., who modelied post—abaternent levels, using the pre-abatement

level as a covariate in the model. The repeated measures analysis also accounts

for the dependence bsiweeiy Gioud levels of children in the same household, for
which the analysis by Weitzman etal. did not account,
L "EPA (1996, pa e 5 16) descrlbed their repeated measures model as follows-

) r, @ fter revnewmg the SAS program used by EPA
to |mplement thelr repeated measures analysls. it appears that a better descnptlon
- of their model is the following

and ¢ is an error terrn.

'ﬁ":\JGW 4+ & + €

. where Y., and G are as descnbed above, &g is a random effect that is constant

- wrthln fammes (whlch causes the biood lead levels of siblings to be dependent).
and €, ls a random error term, with such terms being Independent across children,
but dependent across rounds wuthln children [Covie, ;) > 0), which causes a -
child’s blood lead levels in Rounds 1 and 2 to bé dependent.
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One potential limitation of this analysis is that, while dependence among the
blood leads of children within a single home is accounted for, dependence of blood
lead levels of children living at the same premises is not accounted for. There
were a total of 150 children in 125 households, but only 100 premises in the three
study groups combined. Consequently, it might be important to take into account
the dependence of blood leads among children residing at the same premise.

Using this model, EPA found a statistically significant difference in blood
tead between Group S and Group B (p = 0.004) and between Group S and
Group A (p = 0.016). ‘The estimated dnﬁerences in blood lead levels were
[, reasonably close to those estimated by Weitzman et al. (1993): 1.87 pg/dL (vs.
1.49 obtaunéd in Weltzman et al. base modet) counipanng SiSup S and Grono B,

o,

i SR R

and 1.54 ygldL {vs. 1.28 obtained in Weitzman et al. base madel) comparmg

' }Group S. and Group‘ A However, as noted earller, dtfferences between Groups S
_and B“cannot be artributed 1o soil remedla 'on. ’

that log dust iead was s added 8s a covariate. _ EPA does'
lead data used m this analyms was from Round 1or Round 3. Apparently, lt was'
Round 3 data, aithough is not clear why EPA wanted to include Round 3 dust lead
as a covariate, smce intervention may have affected dust lead, and therefore any
effect of treatment on blood lew% may be underestimated by inclusion of this
variable. lndeed a8 comparison of Tables 5’5 and 5-18 shows that whatever dust
variable that was included caused the treatment effect to change dramaticaliy, ,
assummg that the first three rows of Table 5-18 contain values of the treatment
effect. (Although these rows are not labeled, it s difficult to think of anything else '
to which they could refer.) If this interpretation is correct, then Tab!e 5-18
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‘indicates that soil abatement caused blood lead levels to increase (based on

comparison of Groups s and A), once dust was controlled for

EPA’s description of its repeated measures analysis of covariance proved

impossible to follow. A table referred to in the text containing results of using log

dust loading as a covariafe instead of log dust concentration apparently was

omitted. In addition, there are unexplained gaps in Tables 5-19 and 5-20. We

could not make sense of EPA’s description of Table 5-18. EPA's comment that

*the increasing slope of the log blood lead versus log dust lead concentration grew
much more strongly in the dust abatement group [Al between Round 1 and .
Acund 2 thanin either the soil abatement group [S1 or the control group [B]" seems

1o refer to values of the group effect varuablem on the similarity between — -~ -
»;Tables 5-18 and 6.5 -
lower oart of the table contams the coefﬁclents for log dust concentration). and lf ':‘

— the values are not explamed in Table 5- 18 — and since the

n_tration coefficient atall.

a5 lead and wrndow dust lead EPA desonbes thls work as &n exploratory model
| bulldmg actlvxty that does not readllv lend rtself to hypothesis testmd" (EPA, page

5-68). Afl;er revuew of this modelling effart, we agree with this conclusion.
However, desplte this caveat, 8 quantitative estlmate of the effect of soll
abatement upon blood lead is ggornmently cited in the summary of the EPA results
from the Boston data (EPA‘s Tables 1.4 and 6. 1),
~ In an effort to better understand EPA's structural equation analyses. we

requeSted and recelved, courtesy of Dr. Robert Elras, a copy of a representatlve

' SAS program ,that was used to conduct these analyses. These programs revealed
some Important“faatures of these analyses that were not provided in EPA (1 996).

Apparently, in order 10 get s0me of the model runs to converge, EPA |

appended a penalty function to the objective function of some (but not all) of the
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models. The penalty function had the effect of tending to make the coefficient for
Round 1 blood lead in modeling Round 3 blood lead to assume a value near 0.5.
wWhen we ran Model 1 (EPA, 1996, Table 30} without this penalty function, it did
not converge, whereas when the penalty function was included, it converged to
the value reported by EPA.

EPA described ﬂttan of 32 structural equation maodels, but presents results
for only six. EPA claimed that these six were the ~hest-fitting," but. did not explain
what criteria were used to evaiuate fit. Based on our experience running the
programs provided to us by EPA, it seems llkely that the SAS program did not
Gunvetye for-s-rumber of these models. If this was 1 the case, it is incarrect 1o

describe the models for which the program converged as "best-f itting.” Many of I
. the models applled by EPA were not pertlnent to the central questlon of the study,
- "-"'jregardlng whether soll abatement resulted in reduced, blood le

d levels ‘ot the ik

‘;Tables 5-303and 5-32l dud not control ‘for a number of factors that could lnfluence
blood |ead levels, includmg, among Others, gender, age. race and ethmcrty, and
socloeconomlc status. “Gender was .cansidered only by analyses that involved only ;
males or onty females. Age was considered in only one analysus, whlch considered
~only children aged 18-41 monis. None of the structural equation analyses
controlled for race or ethnlclty, desplte the fact that Weltzman et al. (1 993) found

' that sonl abatement was not a sugmﬁcant predlctor of blood lead when
racelethnlclty was mcluded ln thelr analysis. Also, none of EPA’ structural o
_ equatlon analyses controlled for socloeconomlc status, nor did they control for any
of the 19 other potentlal confoundmg variables studied by Weitzman et al.

Further, some of the variables that were included in EPA’s structural

equation model may not have been controlled for adequately. For example,
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‘Weitzman et al. (1993) found, not surprisingly, that Round 1 blood lead was a

highly significant (p < O. 0001) predictor of Round 3 blood lead. However, in
EPA’s structural equation analyses Round 1 blood lead was either an insignificant
or only a marglnally sugmﬂcant predictor of Round 3 blood lead (EPA, 1996,
Table 5-30). The reason for this may be related 10 the fact that in EPA’s structural
equation models it is assumed that Round 1 blood lead can be adequately predicted
by Round 1 soil and dust levels. This assumption was not valid, as not a single
structural equation mode! applied by EPA to the complete cohort (EPA, 1986,
Tables 5-30 and 5-32) found a statlstlcally sugmflcant retationship between soil

- lzad and blecd lead inRaund 1. _This mlsspec:ﬁcatlon may have caused this
- analysls not to find the assoctation between Round 1 and Round 3 blood Tead. e

ppears that even though Round 1 blood lead was included in EPA’s
al equ tlon models, Round 1 blood lead may not have been controlled for D

applymg Group S to Grouo Al, as these values are mcluded m both EPA’S summary
_lTable ‘l~4 and Table 6-1 As noted earlser, onlv dlfferences between Group s and
' 'Group A can be ‘ascribed to soil abatement. Nelther of these values Were -

statlsucally significant (page 5- 126}, yet they were used as primary support far

EPA's claim for an effect of soil abafsmem in reducing blood lead levels.

EPA utlllzed the SAS prq;;edure MODEL to estimate the parameters in their
structural equatxon models SAS provides a number of procedures for estimating
parameters of such models To determine how the answer ohtained by EPA would
dlﬁer uslng different estlmatson procedures, we fit EPA’s "Model 17" with the
biood lead persistence factor fixed (EPA, 1996, Table 5-32; this is the model fit
that was emphasxzed by EPA in summary Tables 1-4 and 6-1) using four addmonal
estlmatnon procedures provided by SAS. The estimation procedure used by EPA
estimated that soil abatement resulted in a reduction in bload lead of 1.56 ug/dl-
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- (based on comparisons between Group S and Group A). The five estimation
procedures (using SAS nomenciature, ITGMM [used by EPA], FIML, GMM, IT3SL,
and N3SLS) produced an array of estimates ranging from 0.58 to 1.93 ug/dL.
Thus, the results of EPA’s structural equation modelling appears to be quite
sensitive to the specific estrmatlon procedure used by EPA. There appears to be
no compelling reason 10 prefer one estimation procedure over the others.

In the application of EPA’s longitudinal structural equation Model 17, which
was used to calculate the size effect of 1.86 reported in EPA’s summary
Tables 1-4 and 6-1, the effect of Round 1 blood lead was not estimated in the
———— conventional fashion from fitting the model! 1o the data. instead, this effect was
fixed at the value obtained from fits of tw:_deferent models. EPA did not explain
the reason for this highly unorthodox approach statnng only that "Smce the

. persistent effect of pre-abatement blood lead,_rs the largest ‘single component of

n'in-the sample,! we decided to

B Models 10 and 11 smce nerther of these‘models addressed the effect of soll =
abatement. However, ﬁxrng this parameter in this manner caused the model ;
estimates to be substantraliy different (compare EPA, 1 996 Tables 5-30 and
5-32). Thus, it appears that the effect estimates of 1.86 and 1.56 obtained by
EPA are very sensrtwe to the y%liue assumed for this parameter. Although EPA’s

_decision to rely upon an analysis in which thus parameter was fixed appears to be
an arbitrary one, it had a critical effect upon the magnrtudes of the effect srzes )
emp‘hasized in theilr cenclusrons. The only plausible reason we can thunk of as to

However, this cannot be concluded from this analysts, since, as noted earller,
pre-abatement blood lead was not @ significant predictor past-abatement blood lead
in EPA’s structural equation models.
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- why EPA emphasized this particular analysis is that it provided effect estimates

that were similar to those obtalned by Weitzman et al. (1993) and by EPA in its
repeated measures analysis. However, this similarity was probably serendipitous.
Another disturbing feature of these analyses is that model estimates for
Models 10 and 11 were substantial(y different in EPA’s Table 5-32 from those in
EPA’s Table 5-30 even though the only difference in these analyses is that in
Table 5-32 the Round 1 biood lead parameter in these models was fixed at the
value obtained in the unconstrained fit reported in Table 5-30. Theorstically, fixing
this parameter in this way should have no effect upon the numerical values of
other parameter estimates. The fact the that estimaies for Moadeis 10 and 11 are
substantially different in Tables 5-30 and 5-32 strongly suggests that thé algorithm

: _‘used to make the calculations did not converge properly If this is the case, the

;reported estimates arevlikeiy to be meamngless. In fact, we determmed from our

alty_functlon was likely added to the objectnve functuon in

Lwas arbltrary, sxnce there 1s no apparent scler\ttﬁc basrs for accepting a'modei that :
’ 'imcorporated a penalty functton over one that dld not.

In summary, we found numerous shortcommgs wrth EPA's structural

equanon modelling. These models tended to be unstable, and results reported by

EPA»were strongly lnﬂuenced by the estimation procedure used by EPA, and
whether EPA included a penaltxﬁfuncﬂon in the estimation procedure. The
quantitative estimate of the effect of soil abatement emphasized by EPA rehed
upon the ad hoc approach of fixing one parameter at the value estimated by
another model that did not even include a term for the soil abatement effect. These
analyses did not attempt to control for @ ‘number of potentially important

' 'confoundmg variables, including socuoeconomlc status and ethnicity. EPA stated

that the purpose of structural equation modelling was “to elucidate pathways for
environmental lead exposure from source 1o, child” and “is an exploratory model-
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puilding activity that does not readily tend itself to hypothesis testing.” Based an

our review of this work, we question whether even this limited goal was achieved.

Miscellaneous comments on the EPA (1996) integrated report: None of the earlier
reports of the three rndrvrdual studies (EPA, 1993g,b,c) are in the EPA (1996) '
reference list, although EPA quotes from these documents in several places.
Additionally, the published report of Phase | of the Boston study (Weitzman et al.,
1993) is inexplicably absent from the reference list and is never referred to in the
EPA report, although the published report of the follow-up study (Aschengrau
etal., 1994) is referenced and quoted.

(EPA. 1996, page 1- 13, paragraph 2) "a sigmﬁcant effect of intervention for both
- athe BOS FI§ [Group Al and BOS-SPI ‘[Group s groups

- (EPA, 1996, pa
: of lead were interrupted.

: The basis for thrs conciusron rs not apparent from the graphs from which it
is derrved There appears to be essentrally no changes in jead window dust.
in any group. Srmrlarty, the basis for the conclusion on page 5-36, regarding
window dust, that *palnt stabilization and soil abatement appear 1o have
been effective and persigtent for several hundred days, similar to floor dust”

s unclear. in fact, window dust lead concentrations were higher 11 montr\s

. postfabatement than pre-abatem_ent levels in the main treatment group
(Group S). B

(EPA, 1996, page 1-21) *The Afro-American children seemed to show larger
responses to dust abatement than did the sample as 3 whaole."”
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This apparently refers to the log dust regression coefficients (or differences
in these regression coefficients. it is unclear from EPA tables exactly what
these coefficients represent) in EPA's repeated measures of covariance
(Tebles 5-18 to 5-'24). Actually, one of the coefficients in question is
positive while the other two are negative, while all are larger in absolute
value when the analysis is restricted to Afro-Americans. Resuits for
different groups, therefors, appear to be conflicting and EPA’s conclusion
appears to be unwarranted.

vmem e s, . EPA (1996, page 2-17) concluded that "under optimal conditions any
environmental .. intervention can hkely only “achieve a 40 to 50% reduction in cufld- - — -

blood iead concentrattons within a year after abatement.”
¥ There rs ‘ o way 10 deduce this from lnformatlon prov:ded by EPA, smce EPA

prov;dves'only a hypothetrcal graph and no references to support thls

- (EPA, 1996, Table 5- ke
. The entnes in this table do not correspond to the models as ; eﬁn
' 5-45. . : ‘ : - o

v

.
L
-

(EPA, 1996 page 6-1} "Larger effects were identified for ... chitdren of Afro-

American ancestry, than for the sample as a whale.” '
It is not clear what effects are being commented upon, but it appeers that
it Is a reference to effect of soil abatement. If s0, the conclusion is nat .
supported by EPA's analyses. In comparisons between Groups S and A (the
aporopriate groups to compare when evaluating the effect of soil abatement)
categorized by b!ack and non-black (Table 5-7), the effect in non-black was

1.72 pgl/dL lead in blood (marginally sigruﬁcant) and only 1.13 gg/dL in

btacks (non-significant).
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Independent evaluation of the effect of soil abatement on biood lead levels in the
Boston siudy ‘

As described earlier, it is not possible to draw statistically valid conclusions
from Phase 1} of the Boston Study because of the compﬁeated nature of the
pattern of interventions ane the lack of a suitable control group. Consequently, the
present evaluation is limited to Phase | data only. Moreover, since soil abatement
is completely confounded with the dust abatement in comparisons between
Group S and B, the present evaluation only consnders data from Groups S and A.

I §1§1’|§1igal gvg]u ation of the effect of soil abatement upon blood lead in the Boston
51 dy “In this sectlon we pteseru a new statistical evaluation of the evidence for
, _.an effect of soll abatement upon blood tead in the Boston Study. This evaluation

V_utihzes randomtzat:o Tests (Edgmgton. 1987) A randomlzauon test does not.

A ——e

d Ieads, and

f’treatmen' and contro' groups, wh:chvls the ~Th
randomlzatxon test |mplemented provndes an exacr test for the null hvpothesw. that
soil abatement had no effect upon blood fevels, i.e., that the differences in blood
lead levels between Groups S ‘and A are totally a result of the random assugnment
of premises to Groups S and A. In addition to not requmng any assumptions about
how blood Ieads are distnbutea"fthe randomization tests also take into account the

fact that the premlse was the basic expenmental unit in the Boston Study, rather
than the child,

- The Weitzman et al (1993) analysis of the Phase | data assumed that the
blood lead data are norma!ly dtsmbuted. Simitarly, all of the analyses conducted -
by EPA assume that blood leads are distributed éither normally or fognormaily.
However, the density of Round 1 blood leads decreases steadily with increasing
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. blood lead levels above the cutoff of 7 pg/dlL, and consequently neither of these
distributions are fikely to adequately describe the blood lead data. Moreover,
neither the Weitzman et al. (1 993) analysis nor any of the EPA (1996) analyses
accounted for the fact that the premise formed the basic experimental unit in the
Boston Study. '

The randomization tests were performed as follows. First, @ conventional
regression analysis of post-abatement (Round 3) blood lead was applied to the data
in Groups S and A, using as explanatory variables a category variable for group
assignment, the pre-abatement (Round 1) blood lead level {(base casel, and various

hm addmonal ‘explanatory vanables {gender, racefethnicity, age. and socioeconomic

- b s

status). The value of the t-statssttc for & standard test of @ group assngnmem _ -

effect was recorded Then premises in Groups S and A were randomly reasslgned
to Groups ¢ s-and A, wlth the number of premises in each group rem g fixed at |
the engmal values._ Th

is randomlzatlon proce ure__ as)repeated 000 tir

| randomrze : data for whtch the t-sta{_w i
the actual data was then cornpu‘ted' ) the ¢
-value for a test of the hypothems that post-abatement—blood Iead Ieve 4
lower in Group S than in Group A. Note that, in addmon to bemg non-parametnc
li.e., requiring no assumptions about the distribution of blood lead values), this ks
procedure accounts for the fact that prermses. rather than children, were randomly
assigned to treatment groups and consequently premises represent the basic
experimental unit. i
Table 1 gives the results of this randomnzatlon analysus. The first column of
this table gives estimates of the treatment effect, i.e., the average reduction in
blood leads between Rounds 1 and 8 in Group S minus the correspondlng
reduction in Group A. The second column gives the randomization one-sided
p-values for the signif‘ icance of the treatment effect. The third column gives the
one-sided p-values based upon the t-statistic and the normal distribution."
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Table 1 shows that there wWas a statistically significant {p < 0.08) effect of
abatement upon blood lead levels. This effect is ststistically significant in the base
model, and also when 8ge, gender, race and socioeconomic status (SES) are
controlled for, efther individually or jointly. Randomization p-values and the
standard p-values based ub’on the assumption of a normal distribution agree closely
in each case, Whereas Weitzman et al. (1 993) found that the treatment effect
was not significant when race and ethnicity were controlled for, Table 1 shows

Groups S and A, the effect of soil abatement

that, when the analysis involves only
remnains significant even when these two factors were included in the model.

P e T T

e e

ize of the‘reductlon in b\ood lead wjgﬂjbﬁlﬁmﬂ‘t o
effect of soil abatement upon blood lead to ' H,»-
na t ad;Usted for pre-abatement bload lead
is likely to be improved by adjus'dng for other
dclated with b!ood lead. ln thelr analysls that -
\ elt;trjén et al. estxmated the effe' of sol

92!’9’41—; ‘Ba 'ed‘wdh our randomzzauon aalysis, we ¢
he effect of sail ab nt to b ,In the range of1.16 10 1.37 ugld based on
 estimates that ad;ust.for pre-abatement blood lead levels, age gender, SR
and 'SES. When all of these variables were controlied’ ;omﬂy, the' N

' racelethmcitv
value of 1 37 ygldL was obtamed ' 3 -
- Care must be taken when extrapolating an estimate of the effect of soil
abatement in the Boston Studxgto other situations and localities, as thgre are a

number of reasbns why this approach would tend 10 overestimate the effect of soil

abatement in genera!. First, the medlan soil lead level in Boston was in excess of

2000 ppm, whlch appears 1o be higher than m most urban settings. Abatement in
h lower so:l fead levels would llkely result in smaller reductnons ln

urban areas wn
‘plood lead {evels than were observed in the Boston Study. This is borne out by the
d levels were lower and no benefit

Cincinnati and Baltimore studies, where soll lea
of soil abatement In reducing blood lead levels was identified. Second, only
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children whose blood lead levels were between 7 and 24 ug/dL were included in
the Boston Study. Although Weitzman et al. do not provide information on the
blood lead levels in children who were excluded because their blood lead levels
were not in this range, based on the distribution of blood lead levels in the study, it
appears that the vast majonty of excluded children had blood lead levels below
7 pgldL. The reduction in blood lead resulting from soil abatement would very
likely be lower in such chitdren. Third, all of the analyses of the Boston data
discussed herein omitted two children from Group S whase blood lead levels
increased considerably between pre-sbatement and post-abatement (from 19 to
35 pgldL & and 12 t0 43 ygldl.) Weitzman et a/. indicated that the increases in
blood lead in these two“children were hkely due to exposuie to leaded paint at

Aanother SIte. However. exposures such as this occur in real Irfe srtuatlons, and we

e do not know if such cases are over» or under—represented

\Boston Study were m addmon t0 effacts of paint _tablll
Consequently, the Boston Studv does not address the efﬁcacy of sonl abate
by Itself ‘but only in the presence of these other mterventlons. Sl
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Table 1

Results of Randomization Tests for Effect of Soil Abatement
Upon Blood Lead (Group S compared to Group A)

Effect" Randomization t-statistic

{ug/dL) p-value® P-value®

Base model 1.30 0.009 0.008

+ age T34 0.012 0.008

+ gender 1.34 0.010 0.005

+ race and ethmcity : 113 10.028 0.026

T+ SES” - 422 0016 10013 _

+ gender & race and ethmcity 1.37" ' ) .011 o
& age & SES i o

_Blood lead reduct;on ln Group S between Rounds,
blood Iead reductuon in Group A Round 1 blood lead w s
model. ;

P-value for. one-srded test
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